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(54) Air bag module with vent 

(57) A vehicle occupant protection apparatus (10) 
comprises a seat belt system (50) having a buckled con- 
dition and an unbuckled condition, and a sensor (56) for 
determining the buckled condition of the seat belt sys- 
tem. An Inflatable occupant protection device (12) has 
a deflated condition and an inflated condition. An inflator 
(32) is actuatable to provide inflation fluid to inflate the 
Inflatable device (12). The protection apparatus (10) in- 
cludes an electrically energizable mechanism (44) for 



venting inflation fluid from the protection apparatus (1 0). 
Electric circuitry (40) Is responsive to a determination of 
the buckled condition of the seat belt system (50) and 
the inflated condition of the inflatable device (1 2), or cal- 
culated or predicted occgpant movement for actuating 
the electrically energizable mechanism (44) to vent in- 
flation fluid. 
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Description 

Background of the Invention 

[0001] The present invention relates to a vehicle oc- 5 
cupant protection apparatus. In particular, the present 
invention relates to an air bag having a vent that can be 
selectively opened to discharge inflation fluid. 

Description of Related Art 

[0002] It is Icnown to provide an air bag module with 
a vent. The vent opens, or is uncovered, when the air 
bag inflates to help protect a vehicle occupant, to dis- 
charge inflation fluid from the inflated air bag. In some is 
air bag modules, the vent may be selectively opened 
depending on sensed factors, such as, whether the oc- 
cupant's seat belt is buckled. U.S. Patents 6,290.257 
and 5,707,078 show such air bag modules. U.S. Patent 
No. 5,695,21 4 shows an air bag module with a housing 20 
having a vent opening that may be opened to vent fluid, 
either before, during, or after actuation of the inflator. 

Summary of the Invention 

25 

[0003] The present invention is a vehicle occupant 
protection apparatus comprising a seat belt system for 
helping to protect an occupant of a vehicle seat. The 
seat belt system has a buckled condition and an unbuck- 
* led condition. The apparatus also includes means for 30 
determining the buckled condition of the seat belt sys- 
tem. The apparatus further Includes an inf latkbte vehicle 
occupant protection device having a deflated condition 
and an inflated condition for helping to protect the occu- 
pant of the vehicle seat, and an inflator actuatable to 35 
provide inflation fluid to Inflate the inflatable device. The 
apparatus includes means for determining the inflated 
condition of the inflatable device, and an electrically en- 
ergizable mechanism for venting inflation fluid from the 
protection apparatus. The apparatus also includes ve- 4o 
hide electric circuitry, responsive to a determination of 
the buckled condition of the seat belt system and the 
inflated condition of the inflatable device, for actuating 
the electrically energlzable mechanism to vent inflatbn 
fluid from the protection apparatus, 

Brief Description of the Drawings 

[0004] The foregoing and other features of the inven- 
tion will become apparent to one skilled in the art to 50 
which the invention relates upon consideration of the fol- 
lowing description of the invention with reference to the 
accompanying drawings, in which: 

Fig. 1 is a schematic illustration, partially in section, 55 
of a vehicle occupant protection apparatus con- 
structed in. accordance with a first embodiment of 
the present Invention; 



Rg. 2 is a flow chart of a process that is performed 
by the vehicle occupant protection apparatus of Fig. - 
1; 

Figs. 3 and 4 are graphical representations of the 
results of computer modeled tests of an occupant 
protection apparatus similar to the apparatus of Fig. 
1; 

Rg. 5 is a flow chart, similar to Rg. 2. of a process 
in accordance with a second embodiment of the in- 
vention; 

Fig. 6 is a graphical illustration that plots values of 
acceleration against time as used in making a de- 
termination in the process of Rg. 5; and 
Fig. 7 is a graphical illustration that jalpts values of 
the double Integral of acceleration against time as 
used in making a determination in the process of 
Fig. 5. 

Detailed Description of the Invention 

[0005] The present inverition relates to a vehicle oc- 
cupant protection apparatus including an iriflatable ve- 
hicle occupant protection device, such as ah air bag. In 
particular, the present invention relates to an air bag 
module in which inflation fluid is selectively vented from 
the module in oi-der to control the speed and force of 
deployment of the inflating air bag. 
[0006] As representative of the present invention, Fig. 
1 illustrates a vehicle occupant protection apparatus, or 
air bag module, 10 that is constaicted in accordance 
with a first ehnbodiment of the invention. The apparatus 
TO includes an inflatable vehicle occupant protection de- 
■ vice 1 2 of the type commonly known as an air bag. Other 
occupant protection devices that can be used in accord- 
ance with the Invention include, for example, inflatable 
knee bolsters, inflatable headliners, inflatable side cur- 
tains, knee bolsters actuatable by air bags, and seat belt 
pretensioners. 

[0007] The air bag module 10 is mounted in a steering 
wheel 14 of a vehicle 16. The vehicle 16 has a driver's 
seat 18 located rearward of the steering wheel 14. The 
air bag 1 2 is inflatable to a position for helping to protect 
an occupant of the seat 18, i.e., the driver of the vehicle 
1 6. The present invention is also applicable to an air bag 
module that is mounted in another part of the vehicle 1 6 
than tiie steering wheel 14, for example, the vehicle in- 
strument panel, for helping to protect an occupant of a 
vehicle seat other than the driver's seat 18. 
[0008] The air bag 12 is stored in a folded, deflated 
condition within a housing, or reaction canister, 30. The 
reaction canister 30 is illustrated as being a separate 
structure supported on the vehicle steering wheel 1 4. 
The reaction canister 30 may alternatively be a part of . 
the steering wheel 1 4 itself. The term "reaction canister" . 
is used herein to include a reaction canister, a housing,--' 
a reaction plate, or similar stnjcture, but not the air bag ■ 
itself. 

[0009] The apparatus 1 0 also includes an inflator 32. 



The inf lator 32 is actuatable to provide inflation fluid for 
^ inflating the air bag 12. The inf lator 32 may contain an 
ignitable gas-generating material, which, when ignited, 
rapidly generates a large volume of gas. The inflator 32 
may alternatively contain a stored quantity of pressu- 
rized inflation fluid, or a combination of pressurized in- 
* flatten fluid and ignitable material for heating the inflation 

fluid. 

[0010] The Inflator 32 shown in Rg. 1 Includes two 
separate Inflation fluid sources, or stages 34 and 36. 
The stages 34 and 36 are actuatable separately or to- 
gether, in a known manner, to provide inflation fluid in 
differing amounts depending on crash severity. If a low 
severity crash is sensed, for example, only one stage 
34 or 36 of the inflator 32 might be actuated, while both 
stages 34 and 36 might be actuated in a high severity 
crash. 

[0011] A crash sensor 38 is included within the occu- 
pant protection apparatus 10 to sense a vehicle crash 
event and output a signal indicative of the crash event. 
The crash sensor 38 may take any suitable form, such 
as an acoustic crash sensor or inertia switch (acceler- 
ometer), that outputs a signal indicative of a crash con- 
dition, such as crash acceleration or other crash metric. 
In a prefen-ed embodiment, the output of the crash sen- 
sor 38 is indicative of crash acceleration (vehicle decel- 
eratiori). The output of the crash sensor 38 is contlnu- 
ous.^lhat is, is indicative of crash condition over the du- 
ration of a crash event. The output of the crash sensor 
38 is^ntlnuous, that is, is indicative of crash condition 
over the duration of a crash event. 
[0012] A controller 40 receives the signal from the 
crashvsensor 38. The signal output by the crash sensor 
38 isojsed by the controller 40 to determine if a crash 
event is occurring and, if so, its severity. The controller 
40 is typically a microcomputer or microprocessor. Al- 
ternatively, the controller 40 may be provided by one or 
more digital and/or analog circuits. Also, the controller 
40 may be provided within an application specific inte- 
grated circuit. 

[0013] The controller 40 controls actuation of the air 
bag inflator 32. The controller 40 is operatively connect- 
ed to the first and second stages 34 and 36 of the Inflator 
32 to provide an appropriate actuating (ignition) signal 
to one or both stages of the inflator. The controller 40 
also includes means for determining an inflated condi- 
tion of the air bag 12, as described below. 
[0014] The occupant protection apparatus 10 In- 
cludes a vent mechanism indicated schematically at 44 
that is connected with the reaction canister 30. The vent 
mechanisni 44 Is an electrically actuatable mechanism 
that, when actuated, enables venting of inflation fluid 
from the protection apparatus 10. The vent mechanism 
44 may take any of a variety of known forms, such as 
an electrically controlled regulator or valve or openable 
door that responds to a control signal, in a known man- 
ner. The vent mechanism 44 could vent inflation flukJ 
from the air bag 1 2 rather than from the reaction canister 



30. The vent mechanism 44 may be a portion of the re- 
action canister 30 that is forcibly and rapidly removed 
from the remainder of the reaction canister, to create a 
vent opening. As noted above, the term "reaction can- 
5 ister" is used herein to include a reaction canister, a 
housing, a reaction plate, or similar structure. Therefore, 
the vent mechanism 44 may be formed in or operable 
on any of these stmctures that is included in the air bag 
module 10. 

10 [001 5] The seat 1 8 includes a seat belt system 50 for 
helping to protect an occupant of the seat. The seat belt 
system 50 is of a known type including a lap belt (not 
shown) and a torso belt, or shoulder belt. 54. The seat 
belt system 50 also includes a seatbelt usage sensor 

15 indicated schematically at 56. The sensor 56 ou^uts a 
signal that can be used to determine whether an occu- 
pant of the seat 1 8 is buckled in the seat belt system 50. 
The sensor 56 may be a belt tension sensor; a buckle 
switch that senses the presence of a tongue in a buckle; 

20 a load sensor in the buckle or retractor that senses the 
presence of a load as indicative of a belted occupant; 
or a belt stowage sensor that senses the amount of web- 
bing stored on a retractor spool. Each of these factors 
is indicative of a belted occupant. The output of the sen- 

25 sor 56 is provided to the controller 40 for use in making 
a determination of whether to actuate the vent mecha- 
nism 44. 

[0016] The vehicle also includes an occupant position 
sensor mechanism. The output of the occupant position 
30 sensor mechanism is provided to the controller 40 for 
use in making a determination of whether to actuate the 
vent mechanism 44. 

[0017] The occupant position sensor mechanism may 
include any type of sensor for determining directly or in- 

35 ferentlally the fore and aft position of the occupant rel- 
ative to the steering wheel 1 4. In the particular embod- 
iment shown In the drawingsj the occupant position sen- 
sor mechanism Includes a seat position sensor 58 that 
is operative to sense the fore. and aft position of the seat 

40 1 8 in the vehicle, relative to the steering wheel 1 4. The 
sensor 58 may be connected between the seat 18 and 
the seat tracks or vehicle floor pan, for example. The 
fore and aft position of the seat 18 is indicative of how 
far away the occupant Is from the steering wheel 14 and 

45 from the reaction canister 30 mounted on the steering 
wheel. In addition, the occupant position sensor mech- 
anism includes an occupant ranging sensor indrcated 
schematically at 59, that uses reflected sound or fight to 
determine the position of the occupant relative to the 

50 steering wheel 14. 

[001 8] In a first embodiment of the invention, the con- 
troller 40 determines whether to actuate the vent mech- 
anism 40 in accordance with a process 60 illustrated by 
the ftow chart of Fig. 2. 

55 [001 9] In Fig. 2. the process 60 starts at Step 62 when 
a crash condition is sensed by the crash sensor 38. The 
output of the crash sensor 38 is sent to the controller 40. 
The controller 40 determines the severity of the crash 



condition at Step 64. The process 60 proceeds to Step 
66, at which programmed instructions in the controller 
40 determine whether the crash severity requires actu- 
ation of both stages 34 and 36 of the infiator 32. 
[0020] If the determined crash severity does not re- 
quire actuation of both stages 34 and 36 of the infiator 
32, the process 60 proceeds to Step 68. The controller 
40 actuates only one stage 34 or 36 of the infiator 32. 
Simultaneously, a determination is made at Step 70 that 
the vent mechanism 44 is not to be actuated. 
[0021] As a result. Inflation fluid from the Infiator 32 is 
directed into the air bag 12 and the air bag inflates into 
a position between the steering wheel 1 4 and the vehicle 
seat 18, to help protect the occupant Because the vent 
mechanism 44 is not actuated, inflation fluid is not vent- 
ed from the reaction canister 30 through the vent mech- 
anism. 

[0022] If a determination is made at Step 66 that the 
crash severity requires actuation of both stages 34 and 
36 of the infiator 32, the controller 40 at Step 72 actuates 
both stages of the infiator. 

[0023] Thereafter, the process 60 proceeds to Step 
74, at which no further action is tal^en until the air bag 
1 2 is filled. Specifically, the controller 60 is programmed 
to wait a predetermined period of time after actuation of 
the infiator 34, at which time the air bag 12 is deemed 
to be filled. This period of time is determined as de- 
scribed below. 

[0024] The process 60 then proceeds to Step 76, at 
which a determination is made as to whether the occu- 
pant of the seat 1 8 is belted. This determination is made 
on the basis of the output of the belt usage sensor 56. 
[0025] If a determination Is made at Step 76 that the 
occupant of the seat 1 8 is not belted, a determination is 
made at Step 78 that the vent mechanism 44 is not to 
be actuated. As a result, inflation fluid from the infiator 
32 is directed into the air bag 1 2, and the air bag inflates 
into a position between the steering wheel 14 and the 
vehicle seat 18, to help protect the occupant. Because 
the vent mechanism 44 Is not actuated, inflation fluid Is 
hot vented from the reaction canister 30 through the vent 
mechanism. The air bag 12 inflates with full force and 
pressure, as is desirable because the occupant is not 
belted. 

[0026] If a determination is made at Step 76 that the 
occupant of the seat 18 is belted, a detennination is 
made at Step 80 that the vent mechanism 44 is to be 
actuated. When the vent mechanism 44 is actuated, a 
portion of the inflation fluid that flows from the infiator 32 
into the air bag 12, flows out of the reaction canister 
through the vent mechanism 44. This portion of the in- 
flation fluid does not remain in the air bag 12 to inflate 
the air bag. As a result, the amount of inflation fluid flow- 
ing into the air bag 12, or the pressure of the inflation 
fluid, is reduced as compared to the amount or pressure 
of inflation fluid flowing into the air bag when the vent 
mechanism 44 remains unactuated. This change in the 
flow of inflation fluid can help to reduce or control the 



pressure of the inflation fluid in the inflated air bag 1 2. 
[0027] Controlling venting of the reaction canister 30 
in this manner has the benefit of helping to improve pro- 
tection for both a belted occupant and an unbelted oc- 
5 cupant. In some cases, the air bag 12 must inflate with 
sufficient force and pressure to help protect an unbelted 
occupant of the seat 1 8. This amount of force and pres- 
sure can be more than is required to help protect a belt- 
ed occupant. 

10 [0028] On the other hand, for some crash conditions. 
I.e.. high severity crashes, the air bag 12 needs to fill 
quickly and completely because of the severity of the 
crash condition. It is necessary to actuate both stages 
34 and 36 of the inflator 32 to fill the air bag 1 2 quickly 

15 and completely. Because the occupant is belted, how- 
ever, the air bag 12 should vent as the occupant loads 
it because the full force and pressure of the air bag is 
not needed to help protect a belted occupant. Therefore, 
waiting until the air bag 12 is filled to vent the bag is 

20 desirable also. The goal is to have the air bag 1 2 com- 
pletely inflated and in position against the occupant as 
soon as possible, with the desired amount of pressure 
in the air bag. If the venting of the air bag module 10 
were to occur prior to the air bag 12 being filled, the air 

25 bag might not fill quickly enough. In general, the desired 
time for venting the air bag 1 2 is at the time of occupant 
contact. This may occur after the air bag is filled, or be- 
fore. 

[0029] The determination of whether the occupant is 

30 belted can be made prior to actuation of the infiator 32, 
or at the same time as actuation of the infiator, or after 
actuation of the infiator. It is desirable that the determi- 
nation be made as late as possible in the process 60, 
so that the determination can be accurate at the time of 

35 the usage of the air bag 1 2 to help protect the occupant. 
[0030] The controller 60 includes clock means 86 
(Fig. 1 ) for determining the passage of a predetermined 
period of time after actuation of the inflator 32. The sys- 
tem 1 0 waits the predetermined period of time as deter- 

40 mined by the clock means 86. then actuates the vent 
mechanism 44. The controller 40 may embody software 
such as a look-up table having different time periods as 
the solution for different combinations of factors-occu- 
pant position, seat belt usage, crash severity, etc. 

45 [0031] As an example of how the determination is 
made as to when to actuate the vent mechanism 44, 
Figs, 3 and 4 are graphical depictions of the results of 
computer modeling of the module 10. In the modeled 
apparatus, the venting area of the vent mechanism is 

50 controllable, from 900 square millimeters to 3,300 
square millimeters. The time of actuation of the vent 
mechanism (time of opening) is variable, from as early 
as 10 milliseconds after inflator actuation, to as late as 
70 milliseconds after inflator actuation. These two vari- ' 

55 ables are controllable individually, to provide test results 
with different combinations of the two variables. The air 
bag Alls at about 40 milliseconds. 
[0032] In Rg.3.thetlmeof actuafionof the ventmech- 



anism 44 (time of opening) is shown along the X axis, 
varying from 70 miHisecohds after the crash event be* 
gins to 10 milliseconds after the crash event begins. The 
venting area of the vent mechanism 44 is shown on the 
Y axis, varying from 3,300 square millimeters to 900 
square millimeters. HIC (head injury criteria) values are 
shown as areasof thegraph having different fill patterns. 
[0033] Fig. 4 is a three-dimensional graph of the same 
data. The time of actuation of the vent mechanism 44 
(time of opening) is shown along the X axis. The venting 
area of the vent mechanism 44 is shown on the Y axis. 
HIC (head injury criteria) values are shown along the Z 
axis. Areas of the lowest HIC values are shown in Rgs. 
3 and 4 with the darkest fill patterns. In addition, such 
areas are lowest on the Z axis in Fig. 4. 
[0034] It can be seen that, per this model, the H IC val- 
ues are lowest at a vent actuation time of about 55 mil- 
liseconds. This time is significantly after the bag fill time, 
which in the modeled system is 40-45 milliseconds after 
the crash event begins. The vent actuation time with the 
lowest HIC values will vary on the basis of the volume 
of the bag, the output of the inflator, vehicle crash char- 
acteristics, etc. It is believed that inflating the air bag 
fully as quickly as possible In a severe crash situation, 
then venting the bag from the module as needed based 
on seat belt usage and occupant position, provides a 
significant amount of protection. 
[0035] In a second embodiment of the Invention, the 
controller 40 determines whether to actuate the vent 
mechanism on the basis of occupant position. Thus, the 
system can determine (estimate) the time of contact of 
the occupant's head with the air bag, and initiate venting 
at that- time. If the vent mechanism 44 is actuated 
(opens) before the occupant's head contacts the air bag, 
the amount of gas available in the gas for protection pur- 
poses would be reduced unnecessarily. If the vent 
mechanism 44 is actuated after the occupant's head 
contacts the air bag, the air bag would still be very stiff 
at the time of contact, providing less protection. Venting 
the bag at the time of occupant contact allows the oc- 
cupant's head to ride the bag down. 
[0036] Rg. 5 is a flow chart of a process 90 showing 
operation of the controller 40 in accordance with the sec- 
ond embodiment of the invention. The process 90 is sim- 
ilar to the process 60 shown in Rg. 2. In general, Step 
74, in which the vent is not actuated until the air bag is 
determined to be filled, is not performed. Instead, three 
Steps 92-96 are performed in which a determination Is 
made as to when to actuate the vent mechanism 44 on 
the basis of, among other things, the output of the oc- 
cupant position sensor mechanism. For example, if the 
occupant is relatively close to the steering wheel, the 
vent mechanism may be opened earlier in the process. 
If the occupant Is relatively far from the steering wheel, 
the vent mechanism may be opened later, or not at all. 
An algorithm for making this determination is embodied 
in the controller 40. 
^_ [0037] In the process 90f atfStep 92, the occupant po- 



sition is sensed, by means of the occupant position sen- 
sor mechanism (Rg. 1) and, specifically, by means of 
the seat position sensor 58. 

[0038] At Step 94, the acceleration value from the 
5 crash sensor is recorded and integrated. Specifically, 
the instantaneous value of vehicle acceleration (decel- 
eration) resulting from the crash condition is continuous- 
ly recorded over the duration of the crash event For one 
particular crash event, the results are shown in Rg. 6. 
10 In Fig. 6, the horizontal axis shows time in milliseconds 
from the beginning of the crash event, and the vertical 
axis is the instantaneous rate of acceleration of the ve- 
hicle, measured in g*s. 

[0039] The instantaneous acceleration value is dou- 

15 ble integrated, to produce an instantaneous value of 
predicted occupant movement forward in the vehicle to- 
ward the steering wheel. This resultant value, for the 
particular crash event illustrated in Fig. 6, is shown in 
Fig. 7. In Fig. 7, the horizontal axis is time. Time zero is 

20 the time of the crash event. The inflator is actuated at 
. about 15 milliseconds. 
[0040] The vertical axis In Fig. 7 shows predicted 
amount of forward movement of a freely moving (non- 
restrained) vehicle occupant relative to the vehicle inte- 

25 rior, over the illustrated duration of the crash event. This 
predicted amount of movement increases with time. For 
example, at the onset of the crash event, an unre- 
strained occupant will have moved zero millimeters to- 
ward the steering wheel. In the particular crash event 

30 shown in Figs. 6 and 7, at 25 milliseconds, an unre- 
strained occupant will have moved about 30 millimeters 
toward the steering wheel. By the time 60 milliseconds 
have elapsed in that crash event, an unrestrained occu- 
pant will have moved about 200 millimeters toward the 

35 steering wheel. 

[0041] The rate of increase of the double integration 
value is reflective of how fast the occupant is moving 
toward the vehicle steering wheel. If the crash severity 
is relatively high, the rate of vehicle deceleration (Rg. 

40 6) is greater, and the double integration value (Rg. 7) 
Increases in magnitude relatively quickly-the occupant 
moves toward the steering wheel more quickly., In con- 
trast, if the crash severity is relatively low, the rate of 
vehicle deceleration (Rg. 6) is lower, and the double in- 

45 tegration value (Rg. 7) increases in magnitude relatively 
slowly-the occupant moves toward the steering wheel 
more slowly. 

[0042] At Step 96, a detennination or calculation is 
made as to the value of the tenn (SP minus IBD). "SP" 

50 refers to occupant seating position, as sensed by the 
seat position sensor, and is measured as the distance 
between the occupant and the vehicle steering wheel. 
In the embodiment shown, SP is 275 millimeters for a 
fully forward seat, 400 millimeters for a mid-position 

55 seat, and 525 millimeters for a fully reanward seat. "IBD" 
refers to "inflated bag depth", and is a given number for 
each air bag module-ln this particular instance. 275 mil- 
limeters. 



5 



[0043] The calculated (or predicted) value of (SP mi- 
nus IBD). in millimeters, reflects how far away the occu- 
pant would be from the fully inflated air bag at the onset 
of the crash event A positive value for (SP minus IBD) 
indicates that the occupant, at the onset of the crash 
event, is in a position relative to the steering wheel at 
which the occupant is not in contact with the air bag- 
that Is, reanward of a fully inflated air bag. For example, 
if the seat is fully reanvard. SP is 525, and the value of 
(SP minus IBD) is 250, indicating that the occupant is 
250 millimeters away from a fully inflated air. bag at the 
onset of the crash event. 

[0044] In contrast, if the seat is fully fonward, SP is 
275, and the value of (SP minus IBD) is 0 millimeters, 
indicating that the occupant would be in contact with a 
fully inflated air bag at the onset of the crash event. 
[0045] Also at Step 96, a determination is made as to 
whether the double integration value (shown in Fig. 7) 
is greater than the value of (SP minus IBD). In effect, 
this determination (a) notes how fast the occupant is as- 
sumed to be closing the initial distance to the steering 
wheel or air bag (double integration value) as a result of 
deceleration In this particular crash event; (b) notes the 
initial distance of the occupant from an inflated air bag 
(SP rfilnus IBD); and (c) compares those two to calculate 
when the original starting distance would be closed 
(double integration value minus (SP minus IBD) = zero). 
[0046] If the result of the determination at Step 96 is 
negative, the vent mechanism is not actuated, because 
the negative result signifies that the occupant has not 
yet contacted the air bag. With a belted occupant, there 
is hb need to vent inflation fluid until the occupant is in 
contact with the air bag. Instead, the process loops back 
to Step 94. 

[0047] As one example, if the seat is fully reanward,. 
the value of (SP minus IBD) is 525 minus 275, or 250 
millimeters. In the crash event shown in Figs. 6 and 7. 
therefore, the calculated value of (double integration 
value minus (SP minus IBD)) does not become positive 
until the double integration value increases to 250 mil- 
limeters. In this particular crash event, that does not oc- 
cur until about 64 milliseconds from onset. Therefore, 
until the double integration value increases to 250 at 
about 64 milliseconds, the vent mechanism is not actu- 
ated. Initially, therefore, the air bag 12 inflates with full 
force and pressure. 

[0048] The determination at Step 96 is thereafter 
made continually and repeatedly over tiie duration of the 
crash event. Because the crash acceleration curwe can 
change during the crash event, repeating the calculation 
with the new crash information is appropriate. Also, if 
occupant position is sensed continuously during the 
crash event, for example with the occupant ranging sen- 
sor 59, the calculation can be repeated with the new oc- 
cupant position information. 

[0049] In the foregoing example in which the seat (and 
therefore the occupant) is fully rearward, the double in- 
tegration value reaches 250 millimeters at about 64 mil- 



liseconds from time zero. At that time, the determination 
at Step 96 becomes positive, and the process proceeds 
to Step 98, at which the vent mechanism is actuated. 
[0050] As another example, if the seat is in the mid- 

5 range position, the value of (SP minus IBD) is 400 minus 
275, or 125 millimeters. In the crash event shown in 
Figs. 6 and 7, the calculated value of (double integration 
value minus (SP minus IBD)) does not become positive 
until the double integration value excess 125 miilime- 

10 ters. In this posited crash event, that occurs at about 50 
milliseconds from onset. Therefore, the determination 
at Step 96 does not become positive, and the vent 
mechanism is not actuated, until about 50 milliseconds 
from time zero. 

15 [0051] As yet anotiier example, if the seat is in tiie full 
forward position, tiie value of (SP minus IBD) is 275 mi- 
nus 275, or 0 millimeters. In the cra§h event shown in 
Figs. 6 and 7, the calculated value of (double integration 
value minus (SP minus IBD)) equals zerq, immediately 

20 at time zero. Therefore, the detennination at Step 96 be- 
comes positive immediately after time zero, and the vent 
mechanism 44 is actuated at Step 98. This is reflective 
of the fact that the occupant is presumably seated fully 
forward relative to the steering wheel, and the occu- 

25 pant's head will contact the air bag immediately upon 
inflation. The air bag should therefore be inflated with 
less force and pressure, starting at crash onset-that is, 
the reaction canister or the air bag 12 or other portion 
of the apparatus 1 0 should be vented immediately, even 

30 though the occupant is betted. 

[0052] In a third embodiment of the invention, the con- 
troller 40 determines whether to actuate the vent mech- 
anism directly on the basis of sensed occupant position, 
rather than indirectly on the basis of seat position. Thus, 

35 knowing the occupant's position and the rate of inflation 
of the air bag. the system can determine directly the time 
of contact of the occupant's head with the air bag, and 
initiate venting at that time. 

[0053] Fig. 8 is a flow chart, similar to Fig. 5, of a proc- 

40 ess 100 showing operation of the controller 40 in ac- 
cordance with the third embodiment of the Invention. 
The process 100 is similar to the process 90 shown in 
Rg. 5, up through the steps 76 and 78. 
[0054] In the process 100, at Step 102, tiie occupant 

45 position (OP) is sensed by means of the occupant rang- 
ing sensor 59 (Rg. 1). A value is provided that is indic- 
ative of the distance between the occupant and the 
steering wheel. This distance decreases during the 
course of the crash event, as vehicle deceleration caus- 

50 es the occupant to move closer to the steering wheel. 
[0055] At Step 104, the occupant position is com- 
pared to the inflated bag depth (IBD, as discussed 
above). This determination reflects how far away the oc- 
cupant is from the fully inflated air bag. If the determi- 

55 nation is made that OP is greater than IBD, that is, that 
tiie occupant Is farther from tiie steering wheel than the 
distance of a fully inflated air bag, then tiie vent mech- 
anism is hot actuated. This Is bejcause the negative re- 



suit signifies that the occupant has not yet moved far 
enough fon^rard in the vehicle to have contacted the in- 
flated air bag. With a belted occupant, there is no need 
to vent inflation fluid until the occupant is in contact with 
the inflated air bag. Instead, the process loops back to 
Step 102. 

[0056] The determination at Step 104 is thereafter 
made continually and repeatedly over the duration of the 
crash event. When the sensed position of the occupant 
is such that the distance between the occupant and the 
steering wheel (OP) is no longer greater than the inflated 
bag depth (IBD), the system assumes at step 104 that 
the occupant is in contact with the inflated air bag, and 
the vent mechanism is actuated at step 106. 
[0057] From the above description of the invention, 
those skilled in the art will perceive Improvements, 
changes and modifications in the invention. For exam- 
ple, the double integration of crash acceleration may be 
re^placed with a calculation based on either (a) a Kalman 
filter (estimation/correction estimation) with crash accel- 
eration and occupant sensing measurements (during 
the crash) as inputs, or (b) a complex Madymo model 
with crash acceleration as input. Such improvements, 
changes and modifications within the skill of the art are 
Intended to be covered by the appended claims. 



Claims 

1 . A Vehicle occupant protection apparatus compris- 

• . 

a seat belt system for helping to protect an oc- 
^5 cupant of a vehicle seat, said seat belt system 
having a buckled condition and an unbuckled 

condition; 

means for determining the buckled condition of 
said seat belt system; 

an inflatable vehicle occupant protection device 
having a deflated condition and an inflated con- 
dition for helping to protect the occupant of the 
vehicle seat; 

an inflator actuatable to provide inflation fluid to 
inflate said inflatable device; 
means for detennining the inflated condition of 
said Inflatable device; 

an electrically energizable mechanism for vent- 
ing inflation fluid from said protection appara- 
tus; and 

vehicle electric circuitry, responsive to a deter- 
* mination of the buckled condition of said seat 

belt system and the inflated condition of said 
inflatable device, for actuating said electrically 
energizable mechanism to vent Inflation fluid 
from said protection apparatus. 

2. An apparatus as set forth in claim 1 wherein said 
inflator is a dual stage Inflator having first and sec- 



ond independently actuatable stages, said vehtele 
electric circuitry being responsive to actuate said 
electrically energizable mechanism only in re- 
sponse to actuation of both stages of said inflator. 

5 

3. An apparatus as set forth in claim 1 wherein said 
means for determining the inflated condition of said 
Inflatable device comprises clock means for deter- 
mining the passage of a predetermined period of 

10 time after actuation of said inflator. 

4. An apparatus as set forth in claim 3 including a con- 
troller, said controller including said means for de- 
termining the inflated condition'of said inflatable de- 

15 vice, said controller including said vehicle electric 
circuitry for actuating saW electrically energizable 
mechanism to vent inflation fluid from said protec- 
tion apparatus. 

20 5. An apparatus as set forth in claim 1 comprising a 
reaction canister for said protection device, said 
electrically energizable mechanism being actuata- 
ble to vent inflation fluid from said reaction canister. 

25 6. An apparatus as set forth in claim 1 wherein said 
means for determining the buckled condition of said 
seat belt system comprises a sensor on said seat 
belt system operative to output a signal indicative 
of the buckled condition of said seat belt system. 

30 

7. An apparatus as set forth in claim 1 further including 
means for sensing occupant position relative to said 
reaction canister, and wherein said vehicle electric 
circuitry is responsive to a determination of occu- 

35 pant position for actuating said electrically energiz- 
able mechanism to vent inflation fluid from said pro- 
tection apparatus. 

8. An apparatus as set forth in claim 7 wherein a der 
40 : . termination is made whether and when to actuate 

said electrically energizable mechanism on the ba- 
sis of sensed occupant position. 

9. An apparatus as set forth in claim 8 wherein said 
45 inflator Is a dual stage inflator having first and secr 

ond independently actuatable stages, said vehicle 
electric circuitry being responsive to actuate said 
electrically energizable mechanism only in . re- 
sponse to actuation of both stages of said inflator, 
50 and wherein said means for determining the inflated 
condition of said inflatable device comprises clock 
means for determining the passage of a predeter- 
mined period of time after actuation of said inflator. 

55 10. An apparatus as set forth in claim 7 further including 
a crash sensor operative to provide an output signal 
indicative of vehicle deceleration over time, said ve- 
hicle electric circuitry being operative to calculate 



7 



or predict occupant movement toward said reaction 
canister on the basis of the output .signal of said 
crash sensor and to compare calculated or predict- 
ed occupant movement with sensed occupant po- 
sition in determining actuation of said electrically 
energizable mechanism. 

11. An apparatus as set forth in claim 10 wherein said 
infiator is a dual stage Inflator having first and sec- 
ond independently actuatable stages, said vehicle 
electric circuitry being responsive to actuate said 
electrically energizable mechanism only in re- 
sponse to actuation of both stages of said inflator, 
and wherein said means for determining the inflated 
condition of said inflatable device comprises clock 
means for detemiining the passage of a predeter- 
mined period of time after actuation of said inflator. 

12. An apparatus as set forth in claim 1 wherein: 

said inflator is a dual stage inflator having first 
and second independently actuatable stages, 
said vehicle electric circuitry being responsive 
to actuate said electrically energizable mecha-. 
nism only in response to actuation of both stag- 
es of said Infiator; 

wherein said means for determining the inflat- 
ed condition of said inflatable device comprises 
clock means for determining the passage of a pre- 
determined perbd of time after actuatbn of said in- 
flator; and 

wherein said apparatus includes a controller, 
said controller including said means for determining 
the inflated condition of said inflatable device, said 
controller including said vehicle electric circuitry for 
actuating said electricaliy energizable mechanism 
to vent inflation fluid from said protection apparatus. 

13. An apparatus as set forth In claim 1 2 further includ- 
ing means for sensing occupant position relative to 
said reaction canister, and wherein said vehicle 
electric circuitry is responsive to a determination of 
occupant position for actuating said electrically en- 
ergizable mech anism to vent Inflation fluid from said 
protection apparatus. 

1 4. An apparatus as set forth in claim 1 3 wherein a de- 
termination is made whether and when to actuate 
said electrically energizable mechanism on the ba- 
sis of sensed occupant position. 

1 5. . An apparatus as set forth in claim 1 4 further includ- 
ing a crash sensor operative to provide an output 
signal indicative of vehicle deceleration over time, 
said vehicle electric circuitry being operative to cal- 
culate or predict occupant movement toward said 
reaction canister on the basis of the output signal 



of said crash sensor and to compare calculated or 
predicted occupant movement with sensed occu- 
pant position in determining actuation of said elec- 
trically energizable mechanism. 

5 

16. A vehicle occupant protection apparatus compris- 
ing: 

a seat belt system for helping to protect an oc- 
10 cupaht of a vehicle seat, said seat belt system 

having a buckled condition and an unbuckled 

condition; 

means for determining the buckled condition of 
said seat belt system; 
15 an inflatable vehicle occupant protection device 

having a deflated condition and an inflated con- 
dition for helping to protect the occupant of the 
vehicle seat; 

an inflator actuatable to provide inflation fluid to 
20 inflate said inflatable device; 

an electrbally energizable mechanism for vent- 
ing inflation fluid; 

a crash sensor operative to provide an output 
signal having a value that is indicative of vehicle 

25 deceleration over time; and 

vehicle electric circuitry responsive to a deter- 
mination of the buckled condition of said seat 
belt system for actuating said electrically ener- 
gizable mechanism to vent inflation fluid; 

30 said vehicle electric circuitry being operative to 

calculate or predict occupant movement toward 
said inflatable device on the basis of the output 
signal of said crash sensor and to compare cal- 
culated or predicted occupant movement with 

35 sensed occupant position in determining actu- 

ation of said electrically energizable mecha- 
nism. 

17. An apparatus as set forth in claim 16 wherein said 
40 vehicle electric circuitry comprises means for inte- 
grating said vehicle deceleration signal value to pro- 
vide a value that is indicative of predicted occupant 
movement toward said inflatable device. 

45 18. An apparatijs as set forth in claim 17 wherein said 
vehicle electric circuitry comprises means for com- 
paring the inflated depth of said inflatable device 
with predicted occupant movement toward said in- 
flatable device to determine time of occupant con- 

50 tact with said inflatable device. 

19. An apparatus as set forth in claim 17 wherein said 
vehicle electric circuitry comprises means for deter- 
mining time of occupant engagement with said in- 
55 flatable device and means for actuating said elec- 
trically actuatable mechanism at the time of occu- 
pant contact with said inflatable device. 



20. A method for helping to protect an occupant of a 
vehicle seat having an associated seat belt system 
with a buckled condition and an unbuckled condi- 
tion and having an associated inflatable protection 
device with an inflated condition and a deflated con- 
dition, said method comprising the steps of: 

inflating the protection device; 

determining the buckled condition of the seat 

belt system; 

determining the inflated condition of the protec- 
tion device; and 

venting inflation fluid in response to a determi- 
nation of the buckled condition of the seat belt 
system and a determination of the inflated con- 
dition of the protection device. 

21. A method as set forth in claim 20 further including 
the steps of: 

sensing vehicle deceleration overtime and pro- 
viding an output signal having a value that is 
indicative of vehicle deceleration over time; 
inflating the protection device in response to 
sensing vehicle deceleration In excess of a 
threshold value; and 

calculating occupant movement toward the 
protection device in response to vehicle decel- 
eration, on the basis of the output signal. 

22. A method as set forth in claim 21 wherein said cal- 
culating step includes the step of double Integrating 
the output signal. 

23. A method as set forth in claim 20 further Including 
the step of predicting a time of engagement of the 
occupant with the inflated protection device, and 
wherein said venting step Includes venting inflation 
fluid at the predicted time of engagement. 

24. A method as set forth in claim 21 wherein said pre- 
dicting step includes comparing calculated occu- 
pant movement with sensed occupant position. 

25. A method as set forth in claim 23 wherein said pre- 
dicting step includes determining occupant positbn 
in the vehicle relative to the inflatable device when 
the inflatable device is in the deflated condition. 

26. A method for helping to protect an occupant of a 
vehicle seat having an associated seat belt system 
with a buckled condition and an unbuckled condi- 
tion and having an associated inflatable protection 
device with an inflated condition and a deflated con- 
dition, said method comprising the steps of: 

determining occupant position in the vehicle 
relative to the inflatable device when the inflat- 



able device is in the deflated condition; 
sensing vehicle deceleration over time and pro- 
viding an output signal having a value that is 
indicative of vehicle deceleration overtime; 
5 inflating the protection device in response to 

sensing vehicle deceleration in excess of a 
threshold value; 

calculating occupant movement toward the 
protection device In response to vehicle decel- 

10 eration, on the basis of the output signal; 

predicting a time of engagement of the occu- 
pant with the inflated protection device by com- 
paring calculated occupant movement with de- 
termined occupant position; 

15 determining the buckled condition of the seat 

belt system; 

determining the inflated condition of the protec- 
tion device; and 

venting inflation fluid at the predicted time of en- 
20 gagement in response to a determination of the 

buckled condition of the seat belt system and a 
determination of an inflated condition of the 
protection device. 

25 27. A method as set forth in claim 27 wherein said cal- 
culating step includes double integrating the output 
signal. 

28. A method for helping to protect an occupant of a 
30 vehicle seat having an associated seat belt system 

with a buckled condition and an unbuckled condi- 
tion and having an associated inflatable protection 
device inflatable by an inflator to an inflated condi- 
tion, said method comprising the steps of: 

35 

actuating the inflator for inflating the protection 
device; 

determining the buckled condition of the seat 
belt system; 
40 determining occupant position; 

predicting or calculating a time of engagement 
of the occupant with the inflated protection de- 
vice; and 

venting inflation fluid at the predicted time of en- 
45 gagement in response to a determination of the 

buckled condition of the seat belt system. 

29. A method as set forth In claim 28 wherein said.step 
of determining occupant position includes sensing 

50 occupant position with ari occupant ranging sensor. 

30. A method as set forth in claim 28 wherein said step 
of determining occupant position includes sensing 
tiie position of the vehicle seat. . 

55 

31. A method as set forth in claim 28 including the step 
of comparing occupant position with inflated bag 
depth and venting inflation fluid when occupant po- 
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sition is determined to be less than inflated bag 
deptti. 
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